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THEOREM (Dixon [ 1; 2, 1.2.6, Ex. 621). For any non-negative integer a, 
let, as usual, a! := 1 .2 .‘. a. Also make the convention that l/a! is 0 for 
a -C 0. Let n, 6, c be any non-negative integers, then the following identity is 
true 
(n + b)! (n + c)! (b + c)! (n + b + c)! 
(n+k)! (n-k)! (b+k)! (b-k)! (c+k)! (c-k)!= n! b! c! . 
Proof Let R(n) and F(n, k) be the sum and the summand respectively 
on the left. Since the theorem is obviously true for n = 0, it would follow 
by induction once we show that 
Let 
(n+l)R(n+l)-(n+b+c+l)R(n)=O. (1) 
G(n, k) := 
(-l)k(n+b)! (n+c)! (b+c)! 
2(n+k+ l)! (n-k)! (b+k)! (b-k-l)! (c+k)! (c-k-l)!’ 
It is readily verified that 
(n+l)F(n+l,k)-(n+b+c+l)F(n,k)=G(n,k)-G(n,k-1). (2) 
(Dividing (2) by F(n, k) and using (N + 1 )!/N! = N + 1, results in a purely 
routine identity between certain specific rational functions), and (1) follows 
from (2) by summing w.r.t. to k. 1 
Remark. The present proof is not only shorter than the dozen or so 
previous proofs, but is also more elementary. It assumes no previous 
knowledge beyond ninth-grade algebra. (Note that no binomial coefficients 
were mentioned, and that the binomial theorem was not invoked.) 
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